SUPERPLASTIC FORMING AND DIFFUSION BONDING OF FINE GRAIN 

TITANIUM 



BACKGROUND OF THE INVENTION 
1) Field of the Invention 
[0001] The present invention relates to the forming and bonding of structural 
members and, more particularly, relates to the use of fine grain titanium for 
superplastic forming and diffusion bonding. 

2) Description of Related Art 
[0002] Superplastic forming (SPF) generally refers to a process in which a 
material is superplastically deformed beyond its normal limits of plastic deformation. 
Superplastic forming can be performed with certain materials that exhibit superplastic 
properties within limited ranges of temperature and strain rate. For example, 
workpieces formed of titanium alloys are typically superplastically formed in a 
temperature range between about 1450 °F and 1850 °F at a strain rate up to about 3 x 
10" 4 per second. 

[0003] Diffusion bonding (DB) generally refers to a process of joining members 
using heat and pressure to form a solid-state coalescence between the materials of the 
joined members. Joining by diffusion bonding occurs at a temperature below the 
melting point of the materials that are being joined, and the coalescence therebetween 
is produced with loads below those that would cause macroscopic deformation of the 
article. 

[0004] According to one conventional process, superplastic forming is 
performed by providing one or more superplastically formable metal sheets in a die 
cavity defined between cooperable dies, heating the sheets to an elevated temperature 
at which the sheets exhibit superplasticity, and then using a gas to apply differential 
pressures to the opposite sides of the sheets in order to form the sheets. The pressure 
is selected to strain the material at a strain rate that is within its superplasticity range 
at the elevated temperature, stretch the sheet, and cause it to assume the shape of the 
die surface. In this way, the sheet can be formed to a complex shape defined by the 
dies. Further, in some cases, superplastic forming and diffusion bonding are 
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performed in a combined forming/bonding operation. For example, in one typical 
combined SPF/DB process, three metal sheets are stacked to form a pack. A stop-off 
material is selectively provided between the sheets to prevent portions of the adjacent 
surfaces of the sheets from being bonded. The pack is heated and compressed in a die 
cavity with sufficient gas pressure so that the adjacent portions of the sheets that are 
not treated with the stop-off material are joined by diffusion bonding. Thereafter, a 
pressurized gas is injected between the sheets to inflate the pack, and thereby 
superplastically form the pack to a configuration defined by the surface of the die 
cavity. This process is described further in U.S. Patent No. 3,927,817 to Hamilton, et 
al. Such a combined SPF/DB process can be used, e.g., to produce complex 
honeycomb sandwich structures that are formed and diffusion bonded to define 
hollow internal cells. Generally, the simplicity of the superplastic forming and/or 
diffusion bonding processes can result in lighter and less expensive structures with 
fewer fasteners and higher potential geometric complexity. Applications of SPF 
and/or DB include the manufacturing of parts for aircraft, other aerospace structures, 
non-aerospace vehicles and structures, and the like. 

[0005] Titanium alloys are often used for superplastic forming with or without 
diffusion bonding and, in particular, Ti-6A1-4V (or "Ti 6-4"), which includes 
approximately 6% by weight aluminum, 4% by weight vanadium, and the remainder 
titanium. Ti-6A1-4V is conventionally superplastically formed and diffusion bonded 
at a temperature of about 1650 °F. This relatively high forming and bonding 
temperature thermally stresses the dies or other tooling used during the operation. In 
addition, the operation of the dies at such temperatures can result in pitting or other 
degradation of the dies. If the surfaces of the dies that contact the sheet are pitted or 
otherwise damaged, the contour imparted to the sheets during the SPF/DB operation 
can be correspondingly nonuniform. Thus, in some cases, the dies must be regularly 
cleaned and dressed to maintain a particular surface finish, and such dies typically 
must be replaced periodically. In addition, higher forming/bonding temperatures 
generally put more demand on the heater that is used for heating the part to the 
forming/bonding temperature, and the higher temperatures also require more energy. 
[0006] Conventional Ti-6A1-4V is generally not superplastically formed or 
diffusion bonded at temperatures below about 1650 °F. At lower temperatures, a 
greater forming stress is required for forming the material. For example, at 1650 °F, a 
conventional sheet of Ti-6A1-4V can be superplastically formed to twice its original 
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length at a strain rate of 3 x 1 0 per second and at a true stress of less than about 5000 
psi. At a temperature of about 1425 °F, a similar piece of material would typically be 
subjected to about a 100% higher stress to achieve the same strain rate. 
[0007] It has further been observed that one typical operation for superplastic 
forming and/or diffusion bonding of Ti-6A1-4V results in the formation of a layer of 
brittle alpha case oxide material on the surfaces of the titanium sheet, typically about 
0.002 inch thick on each surface of the sheet. The alpha case oxide layer is normally 
removed from the sheet by chemical milling, i.e., exposing the sheet to an acidic 
liquid that dissolves the 0.003 -inch thick layer of the material in about 4 minutes. As 
a result, a sheet having a thickness greater than the desired thickness of the finished 
product must typically be used to allow for the oxidation and subsequent removal of 
material. Also, the chemical milling operation typically does not affect the sheet 
uniformly, and therefore some portions of the sheet may be milled beyond the desired 
amount before other portions are sufficiently milled. 

[0008] While the conventional methods for SPF/DB processing have proven 
effective for manufacturing a variety of structural parts, including parts formed of 
titanium, there exists a continued need for improved SPF/DB methods and parts. The 
methods should reduce the wear on the dies or other tooling and the required 
maintenance therefor. Also, the methods should reduce the required energy for 
SPF/DB operations and the oxidation of material during processing. 



BRIEF SUMMARY OF THE INVENTION 
[0009] The present invention provides a method for forming and/or joining one 
or more structural members by SPF/DB and an associated structural member formed 
thereby. The structural member, which has a refined grain size, can be 
superplastically formed and/or diffusion bonded at a reduced temperature, thereby 
requiring less heating and reducing the effects of heating on the structural member 
and the forming apparatus. 

[0010] According to one method of the present invention, a blank comprising 
titanium and having a grain size of less than about 2 micron is provided. For 
example, the blank can be formed of Ti-6A1-4V and can have a grain size of between 
about 0.8 and 1.2 micron or, more particularly, about 1 micron. The blank is heated 
and superplastically formed and/or diffusion bonded at a temperature less than about 
1500 °F to produce the structural member having the predetermined configuration, 
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generally while placing less thermal stress on the dies or other tooling and requiring 
less energy relative to conventional SPF/DB processes that operate at higher 
temperatures. For example, the structural member can be superplastically formed 
and/or diffusion bonded at a temperature between about 1400 °F and 1450 °F, such as 
about 1425 °F. According to one aspect of the present invention, the blank is formed 
at a relatively high strain rate such as at least about 6 x 10" 4 per second or at least 
about 1 x 10* 3 per second. According to another aspect of the invention, an alpha case 
layer of less than about 0.001 inch is formed on each surface of the structural member 
during the forming and/or bonding process. The alpha case can be removed by 
pickling the structural member, e.g., by subjecting the structural member to a pickling 
fluid and thereby removing material from surfaces of the structural member at a rate 
less than about 5 x 10' 5 inch per minute. In some cases, less than about 0.001 inch is 
removed from each surface of the structural member, and the blank can have a 
thickness that is less than about 0.002 inch greater than a desired thickness of the 
structural member. 

[0011] The present invention also provides a superplastically formed and/or 
diffusion bonded structural member having a desired configuration and being formed 
of titanium with a grain size of less than about 2 micron throughout. For example, the 
structural member can be formed of Ti-6A1-4V and can have a grain size of between 
about 0.8 and 1.2 micron, such as about 1 micron. The surfaces of the structural 
member can be substantially devoid of alpha case oxide. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0012] Having thus described the invention in general terms, reference will 

now be made to the accompanying drawings, which are not necessarily drawn to 
scale, and wherein: 

[0013] Figure 1 is a perspective view illustrating a superplastically formed 
structural member according to one embodiment of the present invention; 
[0014] Figure 2A is a section view in elevation illustrating a blank disposed in a 
forming apparatus for forming a structural member such as the one illustrated in 
Figure 1; 

[0015] Figure 2B is a section view in elevation illustrating a structural member 
disposed in the forming apparatus of Figure 2A after superplastic forming; 
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[0016] Figure 3A is a section view illustrating three sheets disposed in an 
apparatus according to another embodiment of the present invention for diffusion 
bonding and superplastically forming; 

[0017] Figure 3B is a section view illustrating the apparatus and sheets of 
Figure 3 A after diffusion bonding and superplastic forming; 

[0018] Figure 4 is an enlarged view illustrating a portion of a structural member 
having a grain size of about 1 micron; 

[0019] Figure 5 is an enlarged view illustrating a portion of a structural member 
having a layer of alpha case oxide formed on one surface thereof; 
[0020] Figure 6 is a graph illustrating the stress and strain of structural members 
during superplastic forming according to embodiments of the present invention; and 
[0021] Figure 7 is a graph illustrating the stress and strain of structural members 
during superplastic forming according to other embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0022] The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which some, but not all embodiments of 
the invention are shown. Indeed, this invention may be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will satisfy applicable 
legal requirements. Like numbers refer to like elements throughout. 
[0023] Referring now to the figures and in particular to Figure 1 , there is shown 
a superplastically formed structural member 10 according to one embodiment of the 
present invention. The structural member 10 can be formed from and to various 
configurations. For example, the structural member 10 can be formed from a blank 
12 (Figure 2), such as a laminar sheet of material, that is superplastically formed to a 
desired nonplanar configuration defining a simple or complex geometry. In other 
embodiments of the present invention, the blank 12 used to manufacture the structural 
member 10 can be another stock or non-stock configuration such as a plate, bar, 
channel, angle, and the like. Further, the structural member 10 can include multiple 
members that are joined before, during, or after the forming process. In any case, the 
structural member 10 can be used in a variety of applications, for example, as a 
member of an aircraft wing, aircraft fuselage, other aeronautical vehicle, or the like. 
The structural member 10 can also be formed for and used in a wide variety of other 
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applications including, without limitation, as structural panels or other members for 
automotive or marine applications, building or other structures, or the like. 
[0024] Figure 2 illustrates an apparatus 20 for superplastically forming the 
structural member 10 to the desired shape. Superplastic forming generally refers to a 
process in which a material is subjected to conditions under which the material 
exhibits superplastic properties such as the capability of the material to develop 
unusually high tensile elongations and plastic deformation at elevated temperatures, 
with a reduced tendency toward necking or thinning. The characteristics of 
superplastic forming are further described in U.S. Patent No. 3,927,817 to Hamilton, 
U.S. Patent No. 4,361,262 to Israeli, and U.S. Patent No. 5,214,948 to Sanders, each 
of which is incorporated in its entirety herein by reference, and which generally 
describe apparatuses in which the methods of the present invention can be performed. 
As described in the foregoing patents, superplastic forming of structural members can 
be performed by applying a pressure differential on opposite sides of the blank 12 so 
that the pressure exerts a sufficient force for forming the blank 12 against a die that 
defines the desired configuration of the structural member. For example, as illustrated 
in Figure 2, the forming apparatus 20 includes opposed dies 22, 24 between which the 
blank 12 is supported. The first die 22 defines a contour surface 26 corresponding to 
the desired configuration of the structural member 10. First ports 28 fluidly connect 
to a first space 30 defined between the first die 22 and the blank 12, and second ports 
32 connect to a second space 34 defined between the second die 24 and the structural 
member 10. A fluid source 36 is connected to the second ports 32 and provides a 
pressurized fluid to the second space 34. For example, argon gas can be used as the 
pressurized fluid for superplastically forming titanium. Gas in the first space 30 can 
be vented through the first ports 28. Valves 38, 39 can be provided for controlling the 
flow of fluids through the ports 28, 32, respectively. The blank 12 and/or the dies 22, 
24 are also heated to a superplastic forming temperature, i.e., a temperature within the 
superplastic forming temperature range of the blank 12. When subjected to a 
sufficient pressure differential and heated to the superplastic forming temperature, the 
blank 12 deforms superplastically and is urged against the contour surface 26 of the 
first die 22, as shown in Figure 2B. 

[0025] In other embodiments of the present invention, the blank 12 can be 
superplastically formed against multiple contour surfaces, and the structural member 
10 can be diffusion bonded to define internal spaces that are inflated, such as in the 
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formation of an expanded honeycomb structure. For example, as illustrated in Figures 
3A and 3B, three sheets 10a 5 10b, 10c are provided in an apparatus 20a with opposed 
dies 22a, 24a that cooperatively define a die cavity 30a therebetween. The sheets 
10a, 10b, 10c are provided in a stacked configuration, i.e., as a pack. The periphery 
of the pack is welded, with tubes 32a provided for injecting pressurized fluid between 
the sealed spaces between the sheets 10a, 10b, 10c. That is, the tubes 32a can 
connect one or more fluid sources 36a and valves 39a to the spaces between the 
sheets 10a, 10b, 10c. A stop-off material 52, which can include yttrium oxide, is 
provided between the sheets 10a, 10b, 10c in a predetermined pattern as illustrated in 
Figure 3A. The sheets 10a, 10b, 10c are heated and the die cavity 30a is pressurized, 
e.g., by providing a pressurized fluid through ports 28a and valves 38a. The sheets 
10a, 10b, 10c are maintained in this compressed and heated condition for a sufficient 
time for diffusion bonds 54 to form between the adjacent surfaces of the sheets 10a, 
10b, 10c. Generally, a longer time is required for diffusion bonding at lower 
pressures. For example, while diffusion bonding can be performed in 30 minutes or 
less, diffusion bonding at a pressure of about 400 psi typically takes about 2 hours and 
diffusion bonding at a pressure of about 250 psi typically takes about 4 hours. The 
stop-off material 52 generally prevents portions of the sheets 10a, 10b, 10c from 
bonding, so that the resulting diffusion bonds are formed selectively between the 
sheets 10a, 10b, 10c. For example, according to one typical diffusion bonding 
operation, the die cavity 30a is pressurized to a pressure of about 300 psi and the 
sheets 10a, 10b, 10c are heated to a temperature that is about equal to the superplastic 
forming temperature, e.g., less than 1500 °F such as between about 1400 °F and 1450 
°F or between about 1400 °F and 1425 °F. 

[0026] After the diffusion bonds 54 are formed, the pressurized fluid in the die 
cavity 30a is released, and a pressurized fluid is injected through the tubes 32a and 
between the sheets 10a, 10b, 10c to inflate the pack and thereby superplastically form 
the sheets 10a, 10b, 10c. As illustrated in Figure 3B, the face sheets 10a, 10c are 
superplastically formed against the respective dies 22a, 24a, and the middle sheet 10b 
is superplastically formed to a corrugated configuration as determined by the 
diffusion bonds 54 between the middle sheet 10b and each of the face sheets 10a, 10c. 
As shown, apertures 56 can be provided in the middle sheet 10b so that the 
pressurized fluid is communicated throughout the inflated pack, i.e., between the 
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various cells 58 defined between the sheets 10a 5 10b 5 10c in the illustrated 
honeycomb configuration. 

[0027] Other configurations of structural members can be manufactured by 
combined SPF/DB operations, including configurations in which fewer or more than 
three sheets are formed and bonded. Further, in some cases, the superplastic forming 
can be performed prior to diffusion bonding. It is also noted that while pressurized 
fluids are used in the foregoing examples for compressing the blank 12 for diffusion 
bonding and for urging the blank 12 during superplastic forming, a die can 
alternatively be used to exert the forces necessary for forming or bonding. For 
example, U.S. Patent No. 6,612,020 to Sanders, the entirety of which is incorporated 
herein by reference, describes such a superplastic forming operation in which a die is 
used to exert the forming force. 

[0028] The heating for forming and bonding can be provided using various 
heaters. In some embodiments, the dies 22, 24 can remain relatively unheated while 
the blank 12 is heated to the superplastic forming temperature by a susceptor in which 
an electrical current is induced by an induction coil, as described in U.S. Patent No. 
5,683,607 to Gillespie, et al, the entirety of which is incorporated herein by reference. 
[0029] The blank 12 and, hence, the structural member 10 of the present 
invention is formed of titanium having a fine grain size. That is, the blank 12 includes 
titanium, which is typically alloyed with one or more other materials. For example, 
the structural member 10 can be formed of a titanium alloy that includes aluminum 
and vanadium such as Ti-6A1-4V. While conventional Ti-6A1-4V is typically a dual 
phase material with an equiaxed grain size of between about 5 and 8 micron, the grain 
size of the material of the structural member 10 of the present invention is smaller 
than about 5 micron. For example, the grain size can be less than 2 micron, such as 
between about 0.8 and 1.2 micron and, more particularly, about 1 micron. The grain 
structure of one structural member 10 according to the present invention is illustrated 
in Figure 4. 

[0030] The term "grain size" generally refers to a nominal grain size of the 
material of the structural member 10 and is not representative of all of the grains 
thereof. In fact, the structural member 10 typically includes grains of various sizes, 
some larger and some smaller than the nominal grain size. The nominal grain size for 
the structural member 10 typically refers to the median grain size of the material of 
the structural member 10. The term "micron" refers to a length of one micrometer. 
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[0031] It has been discovered that the fine grain titanium of the present 
invention can be superplastically formed and diffusion bonded at temperatures less 
than those of conventional superplastic forming and/or diffusion bonding operations. 
For example, according to the present invention, the blanks 12 can be superplastically 
formed and/or diffusion bonded at a temperature of less than about 1500 °F and, in 
some embodiments of the present invention, at a temperature of between about 1400 
°F and 1450 °F or between about 1400 °F and 1425 °F. In addition, the superplastic 
forming can generally be achieved at strain rates that are higher than the strain rates of 
conventional superplastic forming of titanium members. For example, the blank 12 
can be formed at a strain rate of at least about 6 x 1 0" 4 per second and, in some cases, 
at a strain rate of at least about 1 x 10* 3 per second. Thus, relative to conventional 
superplastic forming of titanium members, the blanks 12 of the present invention 
generally can be formed at lower temperatures and faster forming rates. Figure 6 
illustrates the true stress and strain of exemplary structural members 10 during 
superplastic forming operations performed at four different temperatures according to 
embodiments of the present invention. In particular, Figure 6 is illustrative of flat 
sheet structural members that were superplastically formed under a tensile force at a 
strain rate of 3 x 10~ 4 per second. In separate trials represented by the lines 40, 42, 44, 
46, the structural members 10 were formed at temperatures of 1400 °F (760 °C), 1425 
°F (774 °C), 1450 °F (788 °C), and 1500 °F (815 °C), respectively. The true stress 
represents the force per unit of cross-sectional area of each structural member 10 
perpendicular to the primary direction of elongation of the structural member. The 
true strain represents the elongation per unit length of each structural member 10 in 
the primary direction of the elongation of the structural member. The true strain is 
illustrated in Figure 6 along a logarithmic scale in which the true strain values in the 
graph are equal to the natural log of a ratio of the elongated size of the structural 
member to the original size of the structural member. That is, a strain value of 1 .1 
represents a strain of the structural member elongated by about 200% of its original 
length and a strain value of 1 .8 represents a strain of the structural member elongated 
by about 500% of its original length. Superplastic forming and diffusion bonding 
may be performed at temperatures even lower than 1400 °F, though greater forming 
and bonding forces will generally be required. 

[0032] Figure 7 illustrates the true stress and strain of exemplary structural 
members 10 during superplastic forming operations in which the members are 
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strained at rates of 6 x 10" 4 and 1 x 10" 3 per second. As illustrated in Figure 7, the 
structural members 10 can be superplastically formed at a strain rate greater than 3 x 
1 0 A per second with a true stress of about 6000 psi or less at a true strain of about 1 . 1 
and at a temperature of less than 1500 °F. By increasing the strain rate at which the 
structural members 10 are superplastically formed, the forming time for each 
structural member 10 can be reduced. That is, at a greater strain rate, each structural 
member 10 can be formed to a desired configuration in less time, resulting in greater 
throughput of production and more efficient use of the equipment. 
[0033] A reduction in the temperature that is required for superplastically 
forming the blanks 12 can reduce the thermal energy required for heating the blanks 
12 for forming and/or bonding. In fact, the reduction in heating can reduce the cost of 
operating heaters used to heat the blanks during forming and/or bonding, reduce the 
initial cost of the heaters, and/or extend the useful life of the heaters, particularly since 
the forming rate is also generally increased. 

[0034] Moreover, the reduction in the forming temperature and time required 
for forming can reduce both the formation of oxides and a layer of alpha case on the 
structural member 10 during forming. In some cases, a layer of about 0.001 inch or 
less of alpha case is formed on the surface of the structural member 10. For example, 
Figure 5 illustrates the surface of the structural member 10 after superplastic forming, 
on which a layer 14 of about 0.0005 inch (13 micron) of the alpha case oxide was 
formed. The layer 14 of oxide material formed on the structural member 10 can be 
removed using various chemical processes, such as by exposing the structural member 
10 to a chemical substance to remove the oxide layer 14. For example, the structural 
member 10 can be pickled by immersing the structural member 10 in a pickling fluid, 
such as nitric-hydrofluoric, comprising 40% nitric acid and 4% hydrofluoric acid, or 
otherwise subjecting the structural member 10 to the pickling fluid, to remove the 
alpha case and oxide layer 14 formed on the structural member 10 during superplastic 
forming and/or diffusion bonding. 

[0035] In some cases, the oxide material formed on the structural member 10 
during superplastic forming and/or diffusion bonding and subsequently removed by 
pickling can be less than the amount of material that is formed during conventional 
superplastic forming and/or diffusion bonding operations and subsequently removed 
therefrom by chemical etching. For example, the layer 14 of oxide material on the 
structural member 10 formed during superplastic forming and/or diffusion bonding 
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according to the present invention can be less than about 0.001 inch, and the pickling 
process can be used to remove less than about 0.001 inch of material from each 
surface of the structural member 10. If opposite surfaces of the structural member 10 
are pickled, the thickness of the structural member 10 can be reduced at a rate that is 
about twice the rate at which material is removed by pickling from each side of the 
structural member 10. In some cases, the thickness of the structural member 10 can 
be reduced by less than about 0.002 inch in order to substantially remove all of the 
oxide and alpha case formed on the surfaces during superplastic forming and/or 
diffusion bonding. Thus, the blank 12 can be superplastically formed to a thickness 
that is only about 0.002 inch greater than a desired thickness of the structural member 
10. According to some embodiments of the present invention, the oxide layer 14 can 
be thinner than 0.001 inch, and the structural member 10 as superplastically formed 
and/or diffusion bonded can be less than about 0.002 inch greater than the desired 
final thickness of the structural member 10. 

[0036] Further, the pickling process can remove the oxide layer 14 from the 
structural member 10 at a rate that is relatively slow relative to conventional chemical 
etching processes. For example, the structural member 10 can be dipped in or 
otherwise subjected to a pickling fluid that removes material from the surface of the 
structural member 10 at a rate less than about 0.001 inch per 20 minutes, i.e., less than 
about 5 x 10' 5 inch per minute. In some cases, a reduced rate at which material is 
removed from the surfaces of the structural member 10 can increase the uniformity of 
the rate of removal throughout the surfaces of the structural member 10. 
[0037] It has also been discovered that articles of the fine grain titanium 
materials described in the present invention can be diffusion bonded to conventional 
materials at temperatures less than those typically required for diffusion bonding the 
same conventional materials. For example, the fine grain blanks 12 or the resulting 
structural members 10 that are described above can be diffusion bonded to a 
conventional member formed of a titanium alloy such as Ti-6A1-4V with a grain size 
of more than 1 micron at a temperature of less than about 1500 °F. In some 
embodiments of the present invention, this diffusion bonding operation can be 
performed at a temperature of between about 1400 °F and 1450 °F or between about 
1400 °F and 1425 °F. In one particular embodiment, the diffusion bonding operation 
is performed by subjecting the fine grain blank 12 (or structural member 10) and the 
conventional member of Ti-6A1-4V to a temperature of about 1425 °F for about 4 

-11- AttyDktNo. 38190/274036 



hours, while urging the members together with a pressure of about 300 psi, e.g., in a 
configuration similar to that of Figure 3 A. 

[0038] The fine grain titanium members described in the present invention can 
similarly be diffusion bonded to articles formed of other conventional titanium alloys 
such as Ti-6-2-4-2 (6% Al 5 2% Sn, 4% Zr, 2% Mo, 0.08% Si, remainder Ti). In some 
cases, the grain size of the conventional titanium articles can be larger than 2 microns, 
such as between about 5 and 8 microns. Such diffusion bonding of fine grain 
members with convention members having larger grain sizes can be performed in 
conjunction with superplastic forming of one or more of the members, and the 
superplastic forming can be performed before or after the diffusion bonding operation. 
[0039] Many modifications and other embodiments of the invention set forth 
herein will come to mind to one skilled in the art to which this invention pertains 
having the benefit of the teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the invention is not to be 
limited to the specific embodiments disclosed and that modifications and other 
embodiments are intended to be included within the scope of the appended claims. 
Although specific terms are employed herein, they are used in a generic and 
descriptive sense only and not for purposes of limitation. 
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